For the Oregon strain of Drosophila melanogaster Meig. here studied, approximately 40% of the eggs laid during the first 1 0 days of adult life fail to hatch under optimum conditions. The level of egg viability is highest during the third to fifth days. Thereafter it falls irregu larly. Eggs laid on the second day, and to a small extent those laid on the third day, are formed from food reserves accumulated during the larval stage and are less viable than those laid during the next few days. Under optimum feeding conditions, changes of egg viability as the flies age are associated with physiological changes in the female and are not due to direct effects on the male. Egg viability is considerably influenced by the quality of the yeast fed to the adults. Qualitatively different yeast foods presumably differ with respect to specific substances necessary for maintaining egg viability. Some of these sub stances can be destroyed by heat and extracting with water. The lower viability of the eggs laid by flies fed on a qualitatively inadequate diet is probably due to inhibition of development at some point prior to hatching. Alterations of fecundity due to diet always accompany similar alterations of egg viability, but egg viability is more sensitive to nutri tional differences than is fecundity. Substantially, flies require the same type of food for maintaining both fecundity and egg viability. Under uniform conditions the upper limit of egg viability is probably under genetic control. W ithin any strain individual egg viability differences are due to differences of larval environment and adult nutrition. These findings are discussed in the light of environmental changes which occur in a normal Drosophila culture, and it is suggested that changes in the composition of the yeast flora therein m ay affect the viability of the eggs laid. The extent of this effect is probably insufficient to influence population growth significantly.
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Compared with the single-pair cultures previously described, this technique allows more flies to be handled in each experiment. As before, only cultures in which all flies lived for the entire experimental period were used for the analysis.
The eggs of Drosophila melanogaster Meig. hatch between 20 and 24 hr. after they are laid, at the experimental temperature of 25° C. The viability of each batch of eggs, therefore, was measured by counting the number of eggs laid and the number which did not hatch after a period of not less than 28 hr. had elapsed. These egg counts were made in the way already described (Robertson & Sang 1944) .
E x p e r i m e n t a l
Basic data (a) Viability and age of female. Preliminary experiments indicated that not all of the eggs laid by the Oregon strain hatched under our experimental conditions. They also suggested that egg viability declined as the parent flies grew older. The extent and significance of this age effect was examined first.
Single-pair matings supplied with excess baker's yeast food and given a fresh oviposition surface daily, lay their most viable eggs during the third, fourth and fifth days after emergence (table 1, figure 1). Thereafter viability declines some what irregularly, until by the tenth day only about 4 0 % of the eggs hatch. Considerable variability exists as between flies despite the homogeneous genetic nature of the strain used. Thus the mean viability for all the eggs laid during the experimental period ranges from 30 to 70 % for different flies in the sample. These differences reflect fairly constant divergences of the daily level of viability; a low average for the period almost invariably implies a relatively low daily level of viability. And such flies also show a greater decline of egg viability after the fifth to sixth days.
The results of the above experiment suggest the most suitable way of handling the data. The percentage of viable eggs produced by each culture can be taken as a satisfactory index of egg viability under particular circumstances. Any test of significance chosen depends on whether these percentages are regarded as estimates liable to a sampling error of their own and apply the theorem that variance is additive or treat the percentages derived from individual cultures as raw data and estimate the variance of the assemblage composed of such data. We believe that the first method provides too lenient a test of significance, and have therefore used the second, and more stringent, method. In table 1, for example, daily egg viability was calculated by finding the mean of the culture indices day by day, as if they were ordinary readings. When testing the significance of differences by use of Student's 't \ the mean referred to in the tables is obtained in this way; n, t, and p are used as in the Statistical Tables of Fisher & Yates (1938) . All the tests of significance refer to differences of egg viability, not to fecundity * differences. Mean values for total egg production are accompanied by their standard errors. Ch a n g e s o f e g g v i a b i l i t y a s t h e f l i e s a g No correlation exists between total number of eggs produced by a culture and the proportion of these which hatch. In the experiment summarized in table 1, r = 0*074, n = 28, t = 0*390, p = < 0*7, > 0*6. Similarly, another exp measured the fecundity and egg viability of twenty-one cultures during the first 5 days of adult life, gave r = 0*043, n = 19, = 0* (6)
The importance of the male. When interpreting daily changes of egg viabil the question arises as to why many eggs fail to hatch, and why the proportion falls as the flies age. One explanation may be that the proportion of viable eggs is low because there is insufficient sperm to permit the fertilization of all eggs. This was tested by setting up cultures in which one female was mated with one, two or eight males. Increase of the number of males mated to a female increases copulation frequency and hence the amount of sperm introduced. Table 2 shows that the females mated with the highest number of males tend to lay the most viable eggs. However, taken over the experimental period, and also over the first 5 days, the differences between the two-and eight-male series on the one hand and the one-male series on the other are not statistically significant. Although the difference is not great, it is notable that the viability of eggs produced by the eight-male series is higher than for the one-male series during the sixth to eighth days, that is, when viability is declining. Clearly incomplete egg viability is not due to sperm shortage, but to other circumstances. The gradual decline of the proportion of viable eggs laid may result from physiological age changes of either the male or the female. As males age it is possible that their sperm becomes less effective, or that copulation becomes less frequent, to a degree sufficient to affect egg viability. To test this possibility, suggested by the previous experiment, cultures were prepared in which the original males were replaced by newly emerged virgin males at the end of 9 days; in the control cultures the males were not replaced (table 3) . No significant change of egg viability occurs on introduction of fresh males. Differences between the control and experimental series may well be due to sampling.
From these two experiments it is seen that the male has a negligible effect on daily changes of egg viability under our experimental conditions. These changes are therefore associated with the physiological development of the female as she ages. Although Kaufmann & Demerec (1942) attribute it entirely to exhaustion of sperm supplies, this change probably contributes to the steady decline of viability of eggs laid by females allowed to copulate only once. In the experim ental series the males were replaced by newly emerged, virgin males a t the end of 9 days. The flies were fed on live baker's yeast.
The influence of adult diet on egg viability
I t has already been seen (Robertson & Sang, 1944) that fecundity is greatly influenced by the quality and quantity of the yeasts fed to the adult. Since the changes of daily egg output and of viability are similar, it seemed likely that egg viability might also be affected by the same nutritional conditions. The effect of varying the quantity of food consumed by the adult was first examined. During an experimental period covering the first 6 days of adult life, flies were starved to different degrees by allowing them to feed on five baker's yeast for restricted periods each day. For the remaining portion of each day, i.e. the starvation period, they were supplied with yeast-free lids. In this way the flies were de prived of proteins, fats, vitamins, etc., but not of sugars. Flies fed only on sugars, and completely starved of yeast, do lay a small number of eggs. Such eggs are formed from food reserves accumulated during the larval period, and when these are laid further egg production depends on the quantity and quality of the yeast supplied to the mothers.
During the third to the fifth days, mean viability of eggs laid under conditions of complete starvation is lower than that of eggs laid under optimum feeding conditions (table 4) . This explains increased egg viability during the third to the fifth days when flies are fully fed; for the eggs laid on the second, and to a lesser extent on the third day, draw on larval food reserves and have a lower viability than those first formed from food consumed by the adult. Under conditions of partial starvation, mean total egg viability is definitely higher than when flies have all the food they will eat. This is easy to explain. Egg viability reaches its highest level during the third to the fifth days (table 1) , and this period corresponds with the phase of maximum fecundity. Apparently, the first batch of eggs pro duced as a result of adult feeding is intrinsically more viable than are eggs formed later. Fecundity goes down when flies are starved. In the partially starved series, for the most part this first-formed batch is being measured. In the fully fed group, more eggs are laid, and these include the later-formed less viable batch. If the viability of the first two hundred eggs laid within each culture is measured, as far as it is possible to do so from daily fecundity records, no differential viability of eggs produced by partially starved and by fully fed cultures is found (table 4) . Thus differences of food quantity can affect egg viability; but they do this indirectly by influencing the rate of egg output. 
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The records refer to the first 6 days of adult life.
Effects of food quality The effect of feeding flies on foods of different quality was tested by giving them live baker's and brewer's yeast alone, or either type of yeast killed by autoclaving for 20 min. at 120°C. These yeasts were chosen because they do not affect fecundity equally. In the live state, baker's yeast permits higher egg viability than brewer's. Heat-killed yeasts produce the converse effect. Dead brewer's yeast allows higher egg viability than does baker's (table 5) . Killing by heat renders both yeasts less adequate as a diet for maintaining egg viability, but the effect of baker's yeast is very much more pronounced than that of brewer's. This lowering of viability obtained by feeding flies with autoclaved yeast is presumably due to destruction of some necessary food components. Even in the live state the two yeasts differ with respect to quantity, and possibly also The records refer to egg viability during the first 5 days of adult life.
to quality, of these necessary food factors some of which seem to be more or less completely destroyed by heat. Our information about nutritional requirements of adult Drosophila is not com plete (Tatum 1939 (Tatum , 1941 . Further data concerning the yeast components that affect viability were sought by treating the yeast in various ways. Since the culture conditions of the commercial baker's and brewer's yeast used are very unlike, it is possible that egg viability differences produced by adults fed on the two types of food may be partly or completely attributable to differences with respect to substances in the substrate.
To test this, live commercial baker's yeast was divided into two samples. Some flies received the crude preparation, others a preparation shaken with excess of distilled water and centrifuged several times to wash it thoroughly. The viability of eggs laid by flies fed on these two types of food does not differ significantly (table 6) . This does not rule out the possibility that substances insoluble in water adhere to yeast cells in sufficient quantity to affect viability; but on general grounds this seems unlikely. We are probably justified in assuming that all necessary food components are located within the yeast cell itself. Information about nutritional requirements is best obtained by comparing the respective effects on egg viability of supplying to adults a diet of untreated yeast and one consisting of yeast treated in a particular way. So little is known about the nutritional requirements of Drosophila that one can never be sure that all limiting factors have been taken into account. Accordingly, the procedure stated above seems to be preferable to study of the results of removing yeast fractions. Since it is easier to handle than when it is moist, it is technically convenient to use dried baker's yeast as a standard. Live baker's yeast was dried for 15 hr. at 25° C in a steady air current. The hard lumps formed on drying were moistened with enough water to bring them to the same consistency as the untreated yeast which was used as control. If adults feed on baker's yeast dried in this way the viability of their eggs is greatly reduced (table 7) . For this reason it was decided to use untreated yeast as a standard, when evaluating the relative effect of any treatment.
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The effects upon egg viability of feeding baker's yeast subjected to heat and to water extraction were next examined (table 8) . Adults fed on yeast autoclaved for 20 min. at 120°C lay eggs of lowered viability. Further heating has no effect. When the yeast is heated for this period, and at the same temperature, with excess water, viability is lowered still further. Extraction over a longer period has little further effect. Hence, the necessary food substances are evidently destroyed by heat and soluble in water. It is conceivable that effects just described are partly due to lowered viability of the sperm when males feed on dead yeast. We find this is not so. Males fed on live yeast or on autoclaved water-extracted yeast residue, and also males fed only on sugars-the agar lids being free of yeast-were mated after 5 days to virgin females fed on live yeast. All the flies were then supplied with yeast-free lids. Egg viability was measured over the next 3 days. There are no significant viability differences between eggs laid by females mated to the various groups of males (table 9) . Starved males are just as effective as fully fed males. Food, therefore, affects egg viability only by its action on the female.
At this point, one may consider how food taken in by a female may affect viability of the eggs she lays. An egg may fail to hatch for one of several reasons, inter alia because: (a) a sperm may fail to enter the egg, (6) a sperm may enter the egg but fail to unite with the egg nucleus, (c) the pronuclei may unite but development may be arrested at some point prior to hatching. The third of these, (c), probably accounts for the lowering of egg viability when flies are inadequately fed. Tatum (1939 fed. Tatum ( , 1941 has shown that development, from hatching to emer gence of the adult, can take place only if a number of specific substances are present in the diet. If one or more of these is lacking, chances of successful pre-adult development are lower. Doubtless, pre-natal development is likewise exacting in its food requirements. Therefore the more drastic the treatment of the yeast, the lower one would expect to find the viability of eggs laid by flies fed on it. The males were supplied w ith the various diets for the first 5 days of adult life. They were m ated to norm ally fed females.
Importance of larval nutrition
Since adult nutrition affects fecundity directly and larval nutrition affects potential fecundity (Robertson & Sang 1944) , it would be expected that the quantity and quality of food available to the larvae might also affect egg viability.
This was tested by rearing flies on maizemeal and on oatmeal media, each type of medium being seeded with (a) baker's and (b) brewer's yeast. Such different culture conditions are known to affect potential fecundity. As before, the adult flies were fed on live baker's yeast. The viability of eggs laid by flies reared on maizemeal media seeded with brewer's yeast is higher than that of flies reared on similar cultures seeded with baker's yeast (table 10) . Within the oatmeal culture group, on the other hand, the difference between the two yeast types is too small to be important. When baker's yeast grows on oatmeal medium, flies reared on it lay eggs of greater viability than do flies reared on the same yeast grown on maizemeal medium. For brewer's yeast the position is reversed. The maizemeal medium allows a higher egg viability than does the oatmeal medium. These differences between the two yeasts vis a vis the medium on which they grow are not statistically significant, but sufficiently suggestive to be worth reporting.
Clear-cut effects of the culture medium on the nutritional properties of yeast strains have already been described in the analysis of circumstances affecting fecundity, and it would be surprising if similar environmental effects did not also influence egg viability. In this case it is impossible to distinguish between effects due to environmental modification of a particular strain and effects due to selec tion of physiologically different strains of the yeast initially seeded. The fact that adult flies reared as larvae on brewer's yeast lay eggs of greater viability than do adult flies reared on baker's yeast, while baker's yeast, on the other hand, is more propitious to egg viability when the nutrition of the adults is considered, may be another example of such environmental modification or selection. On the other hand, it may indicate slight differences between nutritional requirements of larvae and adults. In the experiment described in table 10, the potential fecundity of flies reared on both types of media seeded with brewer's yeast is higher than when baker's yeast is used. In a similar experiment described in the first paper of this series, the converse was found to hold. Such differences between yeast strains are to be expected when commercial samples are used. The first experiment (table 1) showed that individual flies reared on live yeast cultures vary considerably with respect to the proportion of their eggs which are viable. Since the food supplied to them and the environment under which the adults live are uniform, these differences may be either of genetic origin or due to differences of the larval environment. Since the Oregon strain of flies used has been inbred for many generations, it is justifiable to attribute this variability to differences of the larval environment of the flies used for the experiment. It is known that quantitative and qualitative changes in the yeast flora occur as Drosophila cultures age (Robertson & Sang 1944) . So differences between flies are probably partly due to differences with respect to the quantity and quality of the food available to them as larvae; but there are no available data with respect to the relative effect of the differences compared with other possible factors, e.g. moisture content, pH, waste products produced by larval metabolism, etc., all of which may have some significance in this connexion.
The resemblance between the food substances required by th maintaining fecundity and egg viability
Egg viability and fecundity are alike in that both are modified by the food of the adult. The extent to which this constitutes evidence for the identity of food substances needed for maintaining fecundity and egg viability must be considered. Within a single group of flies drawn from the same cultures and fed on the same kind of food, it has already been seen that there is no correlation between total eggs produced and the proportion which hatch; but when different foods are fed to the adults, lowering of egg viability accompanies lowering of fecundity (figure 2). The apparent paradox is only superficial. In the first case, differences of total fecundity and total egg viability are primarily due to differences of larval en vironment, only some of them nutritional. In the second case, effects involving a single variable are being compared, i.e. quality of food fed to the adults. When results of feeding adults on five baker's-yeast are compared with results of feeding adults on yeasts killed in various ways, and in each case the lowering both of total egg output and of the number of viable eggs laid is measured, it is found that the latter is more sensitive to nutritional differences than the former. Apparently, the food factors needed for maintaining fecundity are to some extent the same as those needed for egg viability. This conclusion does not rule out the possible contribution of specific yeast components essential for fecundity but not for egg viability and vice versa. More refined analysis of the nutritional require ments of Drosophila may reveal the existence of such food factors.
C o n c l u s i o n s
Changes of egg mortality described in table 1 occur only when the flies are daily supplied with fresh food and a fresh oviposition medium. In the normal Drosophila culture such, more or less optimum, conditions do not prevail after the second day. The growing yeast population, and later the increasing numbers of larvae present, both produce environmental changes which may affect pre natal mortality. We have elsewhere presented a detailed enumeration of these changes (Robertson & Sang 1944) . The growth of yeasts over the medium surface and also of Oidium during the third and succeeding days in the fife of a culture may be so extensive as to impede development. We have been unable to measure the possible effects of these changes. During the later stages, from the seventh to the tenth days, the medium surface may be so broken up by the action of the larvae that its moist surface may be unfavourable to pre-natal development. This will have an insignificant effect on population growth because only a small number of eggs is laid after the eighth day. On the other hand, growth of the yeast population and larval activity produce further environmental changes which may be significant. As the cultures develop, the quantity and quality of the yeasts available to the adult flies change to an extent sufficient to affect rate of egg output. It is known that these qualitative changes of the yeast lower fecundity, and since we find in all cases tested that lowered egg viability accompanied lower fecundity, it is very likely that such changes also affect egg viability.
A rapid increase of the number of eggs laid by females during the first 3-4 days of life is sufficient to account for initial growth of the adult and total population, as found by Bodenheimer (1938) . This initial growth is not brought about by any complex interactions, as Pearl (1932) suggests. It is due to natural changes of fecundity with age. So the initial phase of population growth is not geometrical in the sense that it would continue along this course if there were no environ mental hindrance; nor is it determined , if that implies that it is not modified by the potentialities of the environment. Egg viability may change during this period but it will do so only slightly.
Between the fourth and fifth days fecundity and egg viability remain more or less constant under the most favourable circumstances. Under ordinary popula tion conditions fecundity falls off rapidly apparently owing to environmental changes. These changes must be brought about by changes of yeast growth and by the development of the larval population. Changes of food quantity may be important when a number of flies are competing for a small quota. In a popula tion consisting of only one pair of flies, it is unlikely that food shortage plays an
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important part during the first 7 days, because there is always a considerable yeast growth on the surface during this period. After the sixth to seventh days a shortage may occur, because yeasts are then developing below the medium surface.
Qualitative changes of the yeast diet can influence both fecundity and fertility; and this probably depends on the proportions of specific substances present. Such changes do indeed take place during population growth. Gordon & Sang (1941) have shown that quantities of specific substances which influence exhibition of the mutant Antenndless change from day to day. At least two specific sub stances, which they label X and Y, change relatively to each other during the period we are considering. These substances occur in a water extract of yeast and in casein-peptone, both of which affect fecundity. While there is no evidence that the same effective agents influence exhibition of the gene Antennaless on the one hand and fecundity on the other, there can be little doubt that qualitative food changes do modify the latter as the population develops. They also influence egg viability. That is, the first changes in family grow of fecundity with age of females. Thereafter the number of larvae produced by a female depends on the complex quantitative and qualitative changes of the yeasts. Such changes are partly determined by the influence of a developing larval population. And these changes will themselves modify both the potential fecundity of the first filial generation of flies and the potential viability of their eggs. Oviposition competition begins with emergence of this generation of flies. I t is not as distinct or as great as Pearl (1932) supposed. Its manifestation depends on the nutritional environment available to the flies.
We wish to make acknowledgment to the Rockefeller Foundation for grants in aid of work carried out in the Department of Professor Lancelot Hogben, F.R.S. We also wish to acknowledge the help of Dr Barnet Woolf in connexion with the statistical treatment of the data. We are especially indebted to Miss Enid Sales and Miss Isobel Hall for invaluable technical assistance.
